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A. Objective. The objective of this research has been and 
continues to be the examination and subsequent interpretation of 
the interactions between the aging process and human memory. Recent 
developments in theory and methodology in the experimental psychology 
of human long-term memory are being applied in the present experi-
ments to specify the nature of forgetting in the aged. One of the 
primary objectives has been the empirical investigation of possible 
retrieval differences between the young and old. The two experiments 
conducted in the first year of the current grant period have been 
devoted to this objective. The specific goals of the first year were: 
(1) to manipulate the storage and retrieval components of recall 
tasks in order to evaluate the relative importance of such components 
for correct responding by subjects from different age groups; and 
(2) to analyze the effects of different kinds of retrieval cues on 
recall performance. 
A third experiment, currently being conducted, is looking at 
the amount and type of organizational structures used by different 
aged subjects. Associative, conceptual, and structural relation-
ships are being examined. 
The second year of the current grant period will investigate 
visual imagery in the elderly, including the testing of an imagery-
based mnemonic device. The specific goals of the next year's research 
are: (1) examining the effectiveness of imagery instructions on the 
recall of both concrete and abstract words; and (2) testing the 
pegword mnemonic device as an aid to the recall of different aged 
subjects. 
NIH 200G-1 (i or mer 1 y 	2500-1 ) 
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B. Summary report. Subjects in these experiments are alumni 
of the Georgia Institute of Technology, insuring that the different 
age groups have similar educational, socio-economic, and occupational 
backgrounds. In all experiments, no differences between the age 
groups were found on either the vocabulary or the digit-span subtests 
of the Wechsler Adult Intelligence Scale. These data are presented in 
Table 10 
In the first experiment, 80 subjects learned a 30-word list of 
unrelated words. The relative influence of storage and retrieval 
was manipulated by varying the amount of time spent in studying the 
items (storage) and the amount of time spent in trying to remember 
the items (retrieval). Each item was presented for two seconds for 
a total presentation time of 60 seconds. Retention tests also 
lasted 60 seconds, thereby equating the time interval required for 
both study and recall sessions. An experimental trial consisted of 
four sessions, with the relative number of study and test sessions 
varied between groups. One group received three study sessions 
followed by one test session during each of four trials (SSST). The 
other group received one study session followed by three test sessions 
(STTT). Half of the subjects were tested by recall and the other half 
were tested by recognition. The results of the experiment are pre-
sented in Figure 1. Analysis of variance on the recall data revealed 
a significant interaction between condition (SSST vs. STTT) and age 
group (aged 20-50 vs. 51-80). Subjects in the older group did not 
benefit as much as young subjects by having additional retrieval 
attempts in the STTT condition. This was interpreted as evidence in 
support of the retrieval deficit in old age. Because of the retrieval 
deficit, the older subjects benefited to a greater extent by actually 
studying the items. The younger group, however, seemed to benefit 
equally from both study and test sessions. This finding replicates 
earlier research with college-aged subjects. The recognition data 
failed to show a statistically significant interaction between age 
and condition, and even showed an opposite trend from the recall 
data. This result supports the view that recognition is different 
from recall in the retrieval requirements necessary to perform the 
tasks. 
A second experiment examined the interactions between age and 
the effectiveness of retrieval cues in recall. Both conditions of 
cued recall and non-cued recall were given to three age groups 
differing in age. In addition to the presence of cues at presenta-
tion and recall, the type of cue was also varied. The cues were 
either structural characteristics of the presented words (initial 
letters) or a higher-order categorical relationship to the presented 
words. 
PRESENTED WORD 	CUE 
(Structural) 
Truck T 	 
Vehicle (Semantic) 
The results of the experiment are presented in Table 2. Because 
1 
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the literature reports conflicting data concerning the overall 
advantage of cued recall in the aged, a separate analysis was 
performed on the condition where cues were unavailable at either 
input or output and the condition where cues were available at both 
input and output. These results are depicted by Figure 2. Only 
the semantic cues were effective in improving recall. Structural 
cues failed to affect the age-recall relationship. These data 
further support retrieval as the locus of the age-related memory 
decline. Recall drops with age (non-cued) because of the greater 
difficulty in retrieving information from memory. By providing 
effective retrieval cues at the time of recall (i.e., semantic 
cues), the retrieval problem is overcome and the memory deficit in 
the aged is eliminated. 
An additional experiment, currently being conducted, is 
looking at possible differences in organizational processes in the 
young and old. A list of words containing items related to each 
other on several dimensions is being presented to different aged 
subjects for five learning trials. Differential clustering 
according to the different dimensions (e.g., associative, conceptual, 
structural) is being measured, in addition to statistical measures 
of subjective organization. The experiment allows an examination of 
the kind of organization as well as the amount of organization in 
the different age groups. 
C. Significance. The ongoing research is investigating a 
possible mechanism for the long-term memory problem seen in old age. 
The significance of the present research is the specification of 
retrieval as the possible cause of the age-related memory decline. 
The present research is showing under what conditions differential 
forgetting due to retrieval problems in the aged occurs and under 
what conditions differential forgetting does not occur. 
D. Objectives for the current year. In addition to completing 
the experiment described in the report during the summer, additional 
experiments will be conducted during the coming year. The specific 
objectives of these experiments are: (1) to examine the nature of 
visual imagery in the aged by varying instructions to image and the 
imagery characteristics of the words in the presentation list 
(i.e., concreteness); and (2) to test the effectiveness of an 
imagery-based mnemonic device in the alleviation of the memory 
deficit in old age. 
The undersigned agrees to accept responsibility 
for the scientific and technical conduct of the pro-
ject and for provision of required progress reports 
if a grant is awarded as the result of this applica- 
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Table 1 
Mean Subject Performance on the WAIS Tests 
Group Age range Digit span Vocabulary 
Experiment I: 
I (20-50) 7.65 29.31 
II (51-80) 7.37 31.45 
Experiment II: 
I (20-39) 7.75 28.25 
II (40-59) 7.63 28.17 
III (60-80) 7.25 30.96 
Note.- Vocabulary score represents performance on second 
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TEST TRIALS 
Figure 1. Mean performance for the two age groups on recall and 
recognition. The conditions of test and presentation 
are represented in separate frames of the figure. 
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Table 2 
Mean Free and Cued Recall 










Non-cued recall 11.7 9.5 10.3 9.0 
Cued recall 12.7 12.2 9.2 8.2 
MIDDLE (II) 
Non-cued recall 8.0 9.3 8.2 7.7 
Cued recall 9.7 12.3 7.5 7.0 
OLD 	(III) 
Non-cued recall 6.0 9.8 6.5 5.8 
Cued recall 8.7 11.7 5.2 3.5 
Significant effects: 
Age, F(2, 60) = 9.19, p4.01. 
Cue type, F(1, 60) = 21.14, p...1..01. 













      
1 	2 3 	1 
AGE GROUP 
2 3 
Tkar" 2 . 	The mean recall of the different age grcups for conditions 
where cues sire absent at both input and outuut and conditions 
where cues were present at both input and output. 
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It is the objective of the present research to examine the 
interactions between human aging and long-term memory. Theoretical 
and methodological advances in the experimental psychology of 
memory are being applied in the present experiments to help clarify 
the nature of the memory decline usually seen with advancing age. 
Current research is examining the retrieval process in episodic 
memory as a function of age, and the effectiveness of mnemonic 
techniques to alleviate the apparent retrieval deficit. In 
addition, proposed research will attempt to determine the nature of 
storage and retrieval in semantic memory as a function of age. 
The long-term goal of this research is the specification of 
possible storage and retrieval differences between age groups for 
both episodic and semantic memory. This is being accomplished by 
identifying the conditions in which age differences are found and 
by manipulating variables which are assumed to differentially 
affect storage and retrieval. 
2. Background: 
The past decade has brought a large increase in both the 
quantity and quality of research on human memory. New advances in 
theory together with sophistication in methodology are providing 
insight into the way memory operates (Postman, 1975). 
Only recently have models of memory been developed which view 
the human subject as an active processor of information with 
abilities to selectively store information into memory, to recode 
and organize memory contents, and to retrieve and utilize informa-
tion at a later time. These various memory processes are part of 
a memory structure which consists of several different systems. 
For example, most current memory models distinguish between 
primary memory and secondary memory (i.e., short-term and long-term 
memory), two memory systems differentiated in terms of capacity 
and permanence of storage (e.g., Atkinson & Shiffrin, 1968; Waugh 
& Norman, 1965). Another distinction is often made between episodic 
and semantic memory primarily differentiated by the nature of the 
information stored (e.g., Tulving, 1972; Tulving & Bower, 1974). 
Episodic memory is conceived as being the autobiographical record 
of past experiences. Information in episodic memory is recalled on 
the basis of some temporal feature relating to the time of encoding. 
Semantic memory is conceived as the "mental dictionary" (Glucksberg 
& Danks, 1975), the store of information about concepts, meanings, 
and ideas. 
EPISODIC MEMORY 
The fact that episodic memory declines with age is well 
documented in the literature (e.g., Birren, 1964; Botwinick, 1973; 
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Hultsch, 1971). The nature of this decline, in terms of the 
various processes which comprise human memory, has been the object 
of much study and speculation in recent years. Initially, it was 
assumed that the memory deficit in old age was a result of some 
failure in primary memory (Welford, 1958). This conclusion was 
based on the observation that older persons failed to remember 
information recently acquired while remaining proficient in the 
recall of events occuring many years in their past. Closer exami-
nation, however, revealed that older persons seldom have problems 
with memory tasks which do not exceed the primary memory span 
(Talland, 1968). In addition, quanitative measures of primary 
memory capability (Waugh & Norman, 1965) are relatively invariant 
across different ages, while estimates of secondary memory decrease 
through the adult age span (Craik, 1968b). Based on these results 
it can be concluded that the age-related memory problem involves 
some aspect of secondary memory, and not primary memory. 
Early investigators also suggested that the aged might be 
more susceptible to interference than younger subjects (Welford, 
1958). Interference theory has been one of the most popular explan-
ations of secondary memory forgetting (e.g., Underwood & Postman, 
1973). An early experiment by Cameron (1943) supported this 
position. Cameron compared groups of older and younger subjects 
in remembering a series of digits. The difference between the age 
groups was greatest when an interpolated task, presumably a source 
of interference, was included between the presentation and recall 
of the digits. 
Recent investigators have focused on the specification of 
interference effects in the aged. Interference can be defined in 
teens of eitherproaction (i.e., interference from previously 
learned material), or retroaction (i.e., interference from tasks 
interpolated between the input and recall of the to-be-remembered 
items). There seems to be no support for an increased effect of 
proactive interference with age. In one experiment, Fozard and 
Waugh (1969) presented two three-item lists to groups differing in 
age and found no interactions between age and list order even 
though performance for all groups declined on the second list. 
The relationship between age and retroactive interference is 
more equivocal. Cameron (1943), cited earlier, found an interaction 
between retroaction and age, but later investigators have failed to 
replicate these findings. Gladis and Braun (1958), for example, 
found no age-correlated retroactive interference effects when the 
age groups were equated on the basis of vocabulary and learning 
ability. 
The interpolated activity between presentation and recall 
necessary to produce retroactive interference can be further 
classified into the presentation of additional material (input) 
and the recall of other information from memory during the interval 
(output). Tulving and Arbuckle (1966) refered to these effects as 
input and output interference. While this distinction is important 
to clarify possible age interactions with retroactive interference, 
few experiments have been conducted which consider the effects 
separately. One group of studies conducted by Taub and his 
associates does suggest that the aged individual is less able 
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than young subjects to maintain items in memory while simultaneously 
making a response, i.e., output interference (Taub, 1968; Taub & 
Grieff, 1967; Taub & Walker, 1970). Taub's experiments, however, 
have been criticized because they do not control for differential 
influences of primary memory. The Taub experiments typically found 
interference effects only for items in the last part of the input 
list and these items are assumed to be recalled from primary memory. 
Two experiments included in the previous progress report for 
this project (Smith, 1973) investigated input and output interfer-
ence in the different age groups using a design which separated 
primary and secondary memory. In one experiment, a paired-associate 
probe technique (Arbuckle, 1967; Tulving & Arbuckle, 1966) was 
used, which, by factorially combining the positions of the pairs 
at presentation and recall, allowed an examination of output inter-
ference for all positions of the input list. No differential output 
interference or input interference due to age was found for items 
assumed to be recalled from secondary memory (Smith, 1975). With 
categorized materials, another experiment failed to find different-
ial output interference due to age (Smith, 1974). While the number 
of words recalled in this experiment declined across a category 
recall sequence for three different age groups, no age-related 
differences in the slopes of the interference functions were found. 
Differential interference, does not seem a viable explanation of 
episodic memory deficits seen in the aged. 
The conceptualization of the subject as an information 
processor often distinguishes the two processes of storage and 
retrieval. The storage of information at the time of learning and 
its subsequent retrieval at the time of test are two distinct 
processes which can be separated empirically. Interference is 
assumed to directly influence the contents of storage, that is, to 
degrade the memory trace (Postman & Underwood, 1973). Retrieval 
problems, on the other hand, could be due solely to conditions at 
the time of recall. Research does seem to show that the elderly 
are less efficient at retrieval. 
Recall vs. recognition. One technique involves the comparison 
of relative performance of different age groups on two different 
tasks, recall and recognition. The comparison is based on the 
assumption that: 
11 ...recall involves some processes in common 
with recognition but one (or more) additional 
process as well. A likely candidate for the 
latter is a search process." (Murdock, 1974, p.66) 
If the effect of age on recall is to decrease the ability to retrieve, 
then the effect of age on recognition should be smaller than on 
recall (Kintsch, 1970; McCormack, 1972; Smith, 1970). 
Schonfield and Robertson (1966) compared age groups on recall 
and recognition; and while recall scores showed a significant and 
systematic decrease with increases in age, no differences between 
the groups were found with the recognition task. Schonfield and 
Robertson (1966) suggested retrieval as the process impaired by 
age. If aging influenced acquisition or storage, both tasks should 
have been affected. These results have been replicated by Craik 
(1972) with the addition of signal-detection measures of recognition 
9 
Smith, Anderson D. 
231-58-5768 
performance. Wicklegren (1975) also found no differences in the 
retention functions between age groups in a continuous recognition 
procedure. 
McNulty and Caird (1966) have argued that the results of the 
recognition experiments can be accounted for by a storage decrement 
based on the assumption that a subject can learn parts of the 
presented information. This partial learning, while not sufficient 
to adequately recall the items, is sufficient to produce correct 
recognition (McNulty, 1966; McNulty & Caird, 1967; Laurence, 
1967). In one experiment which was designed to differentiate between 
the retrieval and partial learning hypotheses, Hartley and Marshall 
(1967) tested an older group on two successive recognition tests. 
One of the tests contained distractor items (i.e., incorrect alter-
natives) which were structurally similar to the presented items. 
Recognition performance was the same on both lists which seems to 
support the retrieval hypothesis. The experiment, however, included 
no younger group comparison which is necessary to assess age-related 
effects. The same subjects also received both test lists and always 
in the same order. In addition, there is the possibility that 
partial storage is based on attributes other than structural char-
acteristics of the items. 
An experiment is reported in the following progress report 
which examined the partial-storage hypothesis as a viable alternative 
to the retrieval hypothesis by minimizing the opportunity of 
different age groups to use partial information while performing a 
recognition task. Partial storage was minimized by using stimulus 
materials which were well integrated into units and thus difficult 
to store partially. Since partial storage might be based on 
attributes other than structural aspects of the words, semantic 
distractors (e.g., synonyms) as well as structurally related 
distractors were included in the test list. 
Components of recall. Another technique used to separate 
storage and retrieval involves an independent examination of various 
components in the recall protocols of different age groups. Craik 
and Masini (1969) have found that the recall of higher-order units 
(e.g., vehicles) was unaffected by age while the recall of the 
components of these units (e.g., truck, car, boat) remained 
unaffected. Because words-per-unit is a measure of storage, and 
recall of higher-order units is a measure of retrieval (Tulving & 
Psotka, 1971), Craik and Masini (1969) concluded, "it is the 
retrieval process which is impaired by age." It is interesting to 
note that while age had its effect on the number of chunks recalled, 
measured IQ was correlated with the size of the chunk, or the number 
of words recalled per unit. The ability to organize as a measure of 
storage is correlated with IQ and not age. 
Laurence (1966) measured the ability of subjects to store or 
chunk by measuring Tulving's (1962) "subjective organization" (SO) 
in the recall protocols of the different age groups. Again, no 
differences between age groups were found in the ability to code and 
organize as reflected by the SO measure. Subjective organization, 
however, is only one of a number of different measures of organiza- 
tion and many investigators believe it lacks the percision of others 
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which are available (e.g., Hultsch, 1971). An experiment is 
currently being conducted which examines other measures of organi-
zation and attempts to insure that Laurence's findings are 
generalizable to other measures and not a peculiarity of the SO 
measure. 
It is possible that differences in the type of organization 
rather than the amount of organization could be found in older 
persons. Denny (1974) found no interaction between type of organi-
zation and age, but used only similarity and complementary relation-
ships among the items. The current experiment, discussed in the 
progress report, is using different kinds of organizational 
structures built into the presentation list and examining differen-
tial clustering according to these dimensions by different age 
groups. 
Cued vs. non-cued recall. A third method used in memory 
research to separate storage and retrieval employs pre-recall cueing 
(Tulving & Pearlstone, 1966). Laurence (1967) presented 36 words 
from six different categories for single trial recall and found 
large differences bet%;een young and old subjects in non-cued recall. 
When category names as cues were provided at the time of recall, 
however, no differences in recall were found. Recall differences 
due to age were eliminated by reinstating retrieval cues based on the 
list structure at the time of recall. 
Conflicting results have been reported by Drachman and Leavitt 
(1972), but their experiment used a different form of list organiza-
tion. While differences were found between the age groups, the 
recall cues were the initial letters of the to-be-remembered words. 
These cues would not be effective at the time of recall if the items 
were stored along attributes other than the alphabetical feature. 
Conceptual or semantic cues, rather than structural cues (e.g., 
initial letters), might provide access to the items. Like Laurence 
(1967), Hultsch (1975) found no differences between age groups in 
cued recall of higher-order units using semantic cues (category 
names). Research has shown that in order for a cue to be effective, 
it should reflect an organizational structure set up at the time of 
presentation (Tulving & Osler, 1966). An additional experiment is 	. 
reported in the following progress report which manipulated the 
presence of cues both at input and at output. In addition, different 
kinds of cues were used, ones representing structural features of 
the items as in the Drachman and Leavitt (1972) experiment, and ones 
pertaining to semantic characteristics of the items such as used 
by Laurence (1967) and Hultsch (1975). 
Total-presentation-time hypothesis. The total-presentation-
time hypothesis (e.g., Cooper & Pantle, 1967) predicts that lists 
equated in total study time will have equivalent recall regardless of 
the rate of presentation or the length of the list. The hypothesis 
predicts, for example, that a 30-item list presented at a one-second 
rate would have equal recall to a 15-item list presented at a two-
second rate. In both cases presentation time for the list is 30 
seconds and this total time parameter is assumed by the hypothesis 
to predict the level of recall. Murdock (1960) has reported a series 
of experiments which seem to support the hypothesis, and in addition, 
to show that the relationship between recall and total time is a 
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linear one. The equation developed by Murdock (1960) is: 
R = .06t + 6.1 
where R is the level of recall and t is total presentation time. 
A large parametric study was performed by Roberts (1972) which 
more carefully examined the predictions of the total time hypothesis. 
Roberts factorially combined four list lengths and five presentation 
times with total time varying from five to 320 seconds. The experi-
ment failed to support the part of the total-time hypothesis which 
predicts a linear relationship between recall and total time. 
Instead, Roberts found a negatively accelerating monotonic function. 
The invariance part of the hypothesis, however, has received support 
from various experiments (Murdock, 1974). 
The crucial assumption behind the total-time hypothesis is that 
list length and presentation time (the two variables which combine 
to form the total-time parameter) have similar effects on memory. 
Shiffrin (1970), however, has suggested that list length, unlike 
presentation time, probably affects the retrievability of the words 
from memory at the time of recall. In other words, the probability 
of finding a word in memory and recalling it decreases as the number 
of words in memory increases. Presentation time, on the other hand, 
directly determines the strength of the memory trace stored at the 
time of input (Murdock, 1974). Presentation time, therefore, should 
affect storage of information in memory, while list length should 
affect the accessibility or retrievability of the information at the 
time of recall. 
An additional experiment was designed to examine the validity 
of the total-time hypothesis when subjects of different ages were 
used. Evidence from different sources is showing that the older 
person is both less effective at using the time available to perform 
cognitive tasks (e.g., Botwinick, 1973), and at the same time, less 
efficient at retrieving information recently presented into memory. 
If reducing the presentation time or increasing the length of the 
list differentially affects subjects from different age groups, then 
the total-time hypothesis, which is based on these two variables, 
must in turn differentially predict the recall of the different age 
groups. In other words, the invariance assumption in the total-time 
hypothesis might not hold for the older age groups. In a comparison 
of two lists, for example, with both list length and presentation 
rate varying but total study time invariant, the condition with the 
longer list but faster rate would have poorer recall in the older 
group than the condition with the shorter list and slower rate. The 
reported experiment (see following progress report) manipulated list 
length and presentation rate in addition to age. Because of the 
results of this experiment, as discussed in the later section, an 
additional experiment is being proposed to help clarify the inter-
action between list length and age. 
Study and recall requirements in free recall. The final method 
is probably the best since it manipulates both storage and retrieval 
as independent variables. Using this method, study (storage) and 
recall (retrieval) components of free recall tasks are separated 
(Hogan & Kintsch, 1972; Tulving, 1966; 1967). Tulving (1967) 
divided subjects into three age groups. The first (STTT) received 
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one presentation of the items followed by three successive recall 
tests. The second group (STST) received one presentation, followed 
by recall, followed by a second presentation, and followed by a 
second recall. A third group (SSST) was presented the list three 
times before a single free recall test was given. All three groups 
showed equal overall recall performance. Tulving discussed the 
results in terms of availability (storage) and accessibility 
(retrieval) of the items. The study trials aided the subjects in 
terms of storage or making the items available, and test sessions 
were equally important in learning by aiding retrieval or making 
the items accessible at the time of recall. 
Further comparison of STTT and SSST groups comes from an 
experiment by Hogan and Kintsch (1972). In this experiment, both 
recall and recognition tasks were used. The results supported 
Tulving's conclusions by the fact that the SSST and the STTT groups 
were equal in recall performance. However, the SSST method produced 
better recognition performance than the STTT method. The beneficial 
effect of the STTT method on retrieval was lessened when the recog-
nition task was used. 
An additional experiment will be reported later which combined 
the use of this method with age as an additional independent variable. 
In addition to method of presentation (SSST vs. STTT), the method of 
test was also manipulated (recall vs. recognition). It was hypothe-
sized that the older groups would not benefit equally in recall by 
the SSST and the STTT conditions. Because the older groups have a 
retrieval deficit, they should not benefit as much by the STTT 
condition. Study trials should have a greater effect on recall than 
the test trials. 
Mnemonics. If the elderly have a greater problem in retrieving 
information from episodic memory, then mnemonic techniques, as 
retrieval aids, should benefit older subjects even more than the 
young. 
The procedure is as follows. First the subject memorizes a 
number rhyme (e.g., one is a bun, two is a shoe, three is a tree, 
etc.). He is then given a list of items to remember. The subject 
is instructed to associate (usually through visual imagery) the 
peg-word in the mnemonic device with the to-be-remembered word. 
Then, at the time of recall, retrieval is accomplished by reciting 
the mnemonic device and recalling the words associated with the 
element peg-words. 
Mnemonic devices are one of the oldest methods for improving 
memory (Yates, 1966). Experiments with college-aged subjects have 
consistently found large improvements in recall when using mnemonics 
(Paivio, 1968; 1969; 1971; Delprato & Baker, 1974; Santa, Ruskin, 
& Yio, 1973). While no studies have been conducted looking at the 
differential effectiveness of mnemonics in different adult age 
groups, studies have been done which vary instructions to mediate in 
a paired-associate task. Hulicka and Grossman (1967), for example, 
studied the use of mediation in different age groups. Elderly 
subjects were found to improve their performance with mediation 
instruction more than younger subjects, with the greatest improvement 
coming if the subjects were allowed to develop their own mediators. 
Rowe and Schnore (1971) found that older subjects spontaneously use 
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mediation less often than younger subjects, and rarely report the 
use of imagery mediation. Mediation presumably aids retrieval by 
providing a route to memorized information. Because the older 
subjects use mediation less often than younger subjects, the use of 
mnemonic devices should especially benefit older subjects in retrie-
ving. 
An experiment which tests the effectiveness of the pegword 
mnemonic device as a retrieval aid in three age groups is reported 
in the later section of this report. In addition, an experiment is 
proposed which examines the conditions necessary to produce mnemonic 
effects in the different age groups. Variables which are assumed 
important in determining mnemonic effectiveness will be manipulated: 
(a) the pacing of the task (e.g., Monge & Hultsch, 1971; Treat & 
Reese, 1974); (b) the concreteness of the pegwords in the device, 
i.e., one is a bun vs. one is fun (Paivio, 1971); 	(c) the con- 
creteness of the to-be-remembered word list (Paivio, 1971); and 
(d) instructions to use either imagery or verbal association. If 
the subjects are instructed to use imagery rather than verbal assoc-
iation, the older group should perform poorer than the younger group 
since imagery mediation has been found less effective for the older 
subjects (Hulicka & Grossman, 1967). 
SEMANTIC MEMORY 
The research discussed so far has dealt for the most part with 
what Tulving (1972) calls "episodic memory." This memory system 
represents the autobiographical record of one's past experiences. 
Perceived events are dated and placed in temporal order within this 
system. Traditional recall and recognition procedures ask the sub-
ject to retrieve information from episodic memory. "Was this item 
seen before?" "What were the words you recently saw in the list?" 
These questions are asking for a temporal referent and this is the 
content of episodic memory. 
Semantic memory, on the other hand, is the subjective lexicon. 
It contains information about objects, concepts, relations, and 
facts. A question like "Is a cat an anima]?" seeks information 
about the subjective nature of the concepts cat and animal, and this 
is the content of semantic memory. Retrieval from semantic memory 
is even more important to everyday functioning than retrieval from 
episodic memory. Words chosen for language use and the comprehen-
sion of verbal information depend on the effective retrieval and 
utilization of the contents of semantic memory. 
Very little work has been done on the nature of semantic memory 
in different age groups. Previous research has concentrated on tasks 
which require subjects to produce as many words as possible given 
some cue (e.g., words containing a single specified syllable, Reigel 
& Birren, 1966) in a fixed interval of time. In general, these 
studies show that older subjects recall fewer items from their 
semantic memories. The results, however, can lead to many different 
interpretations. The results could reflect the fact that older 
subjects are more cautious in responding (Slater & Scarr, 1964); 
the results could reflect an increase in the reaction time required 
for the older person to respond and to make decisions (Botwinick, 
1973); the results could reflect differences in the structure of 
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semantic memory, such as an increased size of the lexical categories 
(Collins & Quillian, 1969; Landauer & Meyer, 1972); or the results 
could reflect an increased time to retrieve, such as found with 
episodic memory tasks (Anders & Fozard, 1973). 
Eysenck (1975) reported an experiment which attempted to specify 
more clearly the nature of the semantic memory deficit in the aged. 
Both young and old subjects performed a semantic task which involved 
the recall of an instance starting with a specified letter from a 
designated category. For example, "Fruit - A" was shown and the 
subject responded "apple." Other subjects performed a semantic 
recognition task, requiring a decision as to whether the item 
specified was an instance of the category. With response time as 
the dependent variable, there was a differential effect of age on 
recall and recognition. The older subjects responded more slow1T on 
the recognition task, but not on the recall task. Eysenck (1975 
concluded that the older subjects required a longer time to reach a 
decision (recognition). It still seems unclear, however, why no 
effect was found in recall since decision is assumed to be a process 
common to both recall and recognition (Murdock, 1974). 
Another finding in the Eysenck (1975) experiment was that the 
difference in response latencies between words of high and low 
dominance was less for the older subjects. Response dominance was 
determined by the rank position of the items in the Battig and 
Montague (1969) category norms. Rank represents the number of 
subjects that gave a specific instance to the category name dur=ing 
a 30-second period. The Battig and Montague norms, however, were 
based on college students and it is possible that the norms are less 
valid for older age groups. The category norms are a good approxima-
tion to the subjective lexicon, and if the nature of the lexicon 
depends on age, then the norms are inappropriate for use with older 
subject groups. For example, if the subjective categories for the 
older subjects were larger because of extra exposure to instances, 
this could account for the longer response latencies in the semantic 
recognition task. Collins and Quillian (1969) have found that it 
takes a longer time to give a positive response to the statement, 
"A robin is an animal", than it does to the statement, "A robin is 
a bird." One interpretation of this result is that retrieval time 
from semantic memory depends on the size of the searched category 
(Landauer & Meyer, 1972). If the category sizes are larger for the 
older subjects, the category norms would show greater variability and 
less dominance than ones collected with college-aged samples. In 
other words, it is not just the number of responses which might vary 
between age groups (e.g., Reigel & Birren, 1964), but the type of 
responses given. If the lexicon of older subjects is different, it 
would be reflected in the actual responses made to the category name. 
Eysenck's finding that older subjects' response times were less 
influenced by category-norm dominance suggests this possibility. As 
a first step in investigating semantic memory in the aged, an experi-
ment is proposed to collect category-normative data and compare 
these data across adult age groups. 
Another experiment is proposed to examine differences in 
semantic memory due to age. In this experiment, different age groups 
will be asked to recognize instances of categories as in the Eysenck 
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Two types of categories will be included in the experiment. First, 
categories will be used which are easily enumerated (e.g., days of the 
week, states). In addition, categories will be used where the 
instances are difficult to enumerate (e.g., animals, vehicles). 
Within these two types of categories, size will be varied according 
to the norms. If the difference in retrieval time is due to a 
greater time required for the older person to make decisions, it is 
predicted that category size will not differentially interact with 
age. Decision occurs after the search, and decision time should not 
be influenced by the size of the searched category. If, on the other 
hand, the longer latency is due to a larger subjective lexicon on the 
part of the older subjects, the normative size of the categories 
should interact with age. The larger the normative category, the 
greater the chance of the older group 
to have experienced more instances. 
The older group, for example, would 
have more animals to search, and thus 
0 	 take more time to respond. These two 
® hypotheses are represented by Figure 
A-1. 
The experiment can also differen-
tiate between possible storage differ-
ences (bigger categories) and retrieval 
differences (subjects take more time to 
search). Both of these hypotheses, 
unlike the decision hypothesis, would 
predict larger age differences for the 
larger categories, i.e., an interaction 
2 	 between category size and age. The 
Young 	 category size hypothesis can be differ- 
entiated from the retrieval hypothesis, 
however, by comparing the age groups on 0 
0 	 the exhaustive (easily enumerated) 
	
CATEGORY SIZE 	categories. Given the same number of 
HYPOTHESIS items to search, it should still take 
the older group longer to search if 
faulty retrieval were supported by the 
results. The category size hypothesis, 
however, predicts equal latencies for 
the age groups on the exhaustive cate-
gories. It will take the older group 
Figure A-1. Predictions for 	the same amount of time to search the 
semantic reaction time for the 12 months of the year as the younger 
different age groups. 	 group, for example, because category 
	  size in this case is equivalent. The 
details of the methods of procedure 
will be discussed in a later section. 
Another important aspect of semantic memory is the ability to 
abstract ideas from sentences. Bransford and Franks (1971) have 
found sentence memory to be primarily a collection of complex semantic 
ideas instead of exact representations of the sentences as presented 
in a memory task. In the encoding of language, therefore, people 
remember more than they actually hear. It is also true that the ease 




Normative Size of 
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retained (Kintsch & Monk, 1972). This psycholinguistic research is 
indicating that storage into semantic memory is more than a copying 
process. Semantic ideas are abstracted and encoded into semantic 
memory. 
If an understanding of storage and retrieval from semantic memory 
in older subjects is to be achieved, the ability of older subjects to 
encode semantic information and to abstract linguistic ideas must be 
determined. Older subjects seem to be especially affected when text 
material (sentences) is presented for recall (Craik, 1968a). In one 
from a series of experiments, Craik (1968a) varied both age of the 
subjects and approximation of the word lists to English sentences 
and concluded: 
...that the older subjects were at a greater 
disadvantage when dealing with material that is 
highly amenable to chunking, the higher approx- 
imations to English." (p. 147) 
Other more recent experiments discussed earlier in this report, 
however, have shown that organizational ability might not differ 
between age groups. In the Craik experiment, the manipulation was 
approximation to English text. While this increases the ease of 
organization into semantic memory, it also increases the extent to 
which word lists approximate sentences which are encoded differently 
from random word strings (Barclay, Bransford, Franks, McConnell, & 
Nitsch, 1974; Bransford, Barclay, & Franks, 1972; Bransford & 
Franks, 1971). Bransford and Franks (1971), for example, found that 
college-aged subjects in a sentence recognition test picked sentences 
which were not presented in the list if they contained abstract, 
semantic ideas which 	were presented in other sentences. In other 
words, the deep structure of the sentences are stored in memory rather 
than the surface structure (Glucksberg & Danks, 1975). 
If the elderly are handicapped at abstraction of these ideas, 
two possible results could occur in a sentence memory recognition 
task. First, the older group might actually do better on the recog-
nition test. That is, they would tend to reject sentences which 
contained complex combinations of ideas, while younger subjects would 
select them as presentation sentences. This would occur if the older 
subjects treated the task more as a rote task. The rote memorization 
would produce better recognition performance (e.g., Eagle & Leiter, 
1965), since the abstraction process would not interfere with the 
recognition of the sentences. Another possible finding would be that 
recognition performance in the older group would not be as predictable 
on the basis of the complexity of the sentences. The older group 
would do worse on the task, and in addition, performance would be 
unrelated to the sentence structure. An experiment is proposed which 
will examine sentence memory and semantic abstraction in three differ-
ent adult age groups. 
3. Rationale: 
Our understanding of the retrieval process in human memory has 
advanced in recent years, and research using age as an independent 
variable suggests that a retrieval deficit could account for much of 
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the memory decrement seen in older persons. Increased forgetting 
is a major frustration for older persons (Botwinick & Storandt, 1974) 
and it is vitally important for a full understanding of the age-related 
memory deficit that the phenomena relating to retrieval in both epi-
sodic and semantic memory be examined in the laboratory. 
The approach of all the experiments completed and proposed in 
this report is to determine possible Age x Experimental treatment 
interactions. Instead of focusing on absolute differences between 
age groups, the focus is on relative differences produced by manipu-
lation of several variables. This approach to the experimental study 
of age effects has been labled one of the most effective develop-
mental research strategies (Hultsch, 1971). 
Some have argued that longitudinal analysis is the best approach 
for examining age-related differences. In order for longitudinal 
analysis of memory and age to be practical, however, cross-sectional 
studies must first point out that differences exist between the young 
and old. It is hoped that the reported and proposed research might 
provide insight into age differences which could be programmed into 
future longitudinal investigations. The argument for longitudinal 
research has been bolstered by findings that many of the cross-
sectional findings dealing with intellectual functioning were negated 
by longitudinal research. Very tentative recent results, however, 
are suggesting that longitudinal and cross-sectional experiments show 
similar results on recall tasks (e.g., Arenberg, 1971). 
The present research examines cognitive functioning at all eges 
rather than making simple comparisons between the "very young" and the 
"very old". This is especially important since some age deficits are 
seen at age 40 (e.g., Hultsch, 1971), while others are not seen until 
age 60 (e.g., Fozard, Nuttal, & Waugh, 1969). 
Finally, emphasis in this research is placed on the careful selec-
tion of subject samples. All subjects must be non-institutionalized, 
healthy, and active members of their communities. Psychometric data 
is collected to insure the comparability of the different age groups. 
4. Comprehensive Progress Report: 
a. Period. The period covered by this report extends from 
August 1, 1973 to July 31, 1975. This period includes one half of the 
currently approved grant period which extends through August, 1976. 
Experiments to be conducted in the second year of the current project 
period are described briefly in the detailed report. 
b. Summary. The research conducted during the period of this 
report primarily deals with the hypothesis that differential retrieval 
from memory accounts for the deficit seen with increasing age. When 
a recognition task or a semantic cued recall task were used, differen-
ces between the age groups were eliminated. The fact that no differ-
ences were found with these test conditions implies that the memory 
problem in older subjects is not due to storage or problems 
encountered when trying to learn the material, but rather is due to - 
retrieval problems encountered at the time of test. 
An additional experiment was conducted which independently varied 
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study trials (storage) and test trials (retrieval) during a multi-trial 
learning task. Again, a larger decrement was found in the older 
group when the task involved the greater retrieval component. 
In another experiment, presentation time and list length, two 
variables which were expected to affect storage and retrieval differ-
entially, were manipulated, but with no differential interactions with 
age. Likewise, an imagery-based mnemonic device did not differentially 
benefit subjects in the older age groups. 
Experiments are currently being conducted which are investigating 
(a) the use of visual imagery in older subjects as a possible explana-
tion of the mnemonic failure, and (b) the organizational structures 
used by different age groups. 
c. Detailed Report. The focus of the five experiments to be 
reported in this section was to examine possible retrieval differences 
in episodic memory between different age groups. Procedures were used 
which are assumed to separate empirically storage and retrieval, and 
the results of these procedures, taken collectively, indicate a 
decrease in the effeciency of the retrieval process in old age. 
Subjects. Subjects in the following experiments were solicitated 
from two sources. The first approach involved selecting volunteers 
from the relatively large population of Georgia Tech alumni residing 
in the Atlanta area. This subject pool was used when it was necessary 
for the subjects to visit the laboratory for the experimental session. 
The alumni sample provides an especially homogeneous group in terms of 
educational, socio-economic, and occupational backgrounds. 
Subjects were also obtained from various civic, church, and 
social clubs in the Atlanta area. With this approach, group experi-
ments are conducted at the designated time and place of the club 
meeting. 
In order to insure some minimum level of processing capacity, 
the vocabulary and digit span subtests of the Wechsler Adult Intelli-
gence Scale (WAIS) were administered in conjunction with the experi-
mental procedures. These measures have been shown to be relatively 
invariant across the adult age span and thus provide a rough estimate 
of cognitive capacity. In all of the experiments which will be 
reported, no significant differences on these two measures were found 
(2> .05). The subject data for all experiments are presented in 
Table A-1. 
Completed research. One method of empirically separating 
storage and retrieval has been to compare recall to recognition 
performance. When a recognition task rather than recall is used to 
test retention, the typical memory difference between age groups is 
not found (e.g., Craik, 1972). Two hypotheses can account for the 
failure to find age differences in recognition memory. The first 
hypothesis is based on the assumption that the difference between 
recall and recognition is an additional search process necessary to 
perform the recall task (Murdock, 1974). A second hypothesis 
explains the results in terms of a storage decrement based on the 
assumption that a subject can learn parts of the presented information. 
This partial information, while inadequate to recall the item, is 
29 
Table A-1 
Subject Information from All Reported Experiments 





































































































VoOabulary score represents second half of WAIS vocabulary sub-test. 
** 
N represents only mnemonic condition. The data were compared with an earlier 
experiment (Smith, 1975) which had identical materials and experimental conditions. 
sufficient to produce correct recognition. In the present experiment, 
a test of the storage (partial learning) and retrieval hypotheses was 
attempted by minimizing the opportunities for subjects in three differ-
ent age groups to use partial information while performing the recogni-
tion task. Partial storage was minimized by using stimuli which were 
well integrated into units and difficult to store partially. Single 
syllable, high-frequency nouns and verbs were used as stimuli. The 
recognition test list was designed to further reduce the use of 
partially stored information. Distractor items in the test list 
closely resembled the presented items along both structural and 
semantic dimensions. 
Twenty-five high frequency (A or AA) words from the Thorndike 
and Lorge (1944) norms were selected such that additional words could 
be chosen which differed from the original by one letter (structural 
fillers), and words could be chosen which were synonyms of the origi-
nal (semantic fillers). The list was presented at a 2-second rate by 
a slide projector onto a large screen in front of the room. A magnetic 
tape timed and controlled the experimental sequence and presented the 
instructions. The first five and the last five words in the list 
were not tested for recognition and served as buffer items to minimize 
the effects of primacy and recency. The 15 words from the middle of 
the list together with the distractors were presented in the answer 
booklet. Sufficient time was allowed for all subjects to complete 
the recognition test list. Three different random orders of the test 
list were used, while the same order of words in the presentation list 
was used for all subjects. 
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The mean number of hits (correct recognitions) and false alarms 
(saying "yes" to distractors) are presented in Table A-2. The number 
of correct recognitions was approximately equal for all three age 
groups. The same is true for the structural and unrelated false 
alarms. A significant age difference, however, was.found in the 
number of semantic false alarms, F(2,109) = 3.24, 2< .05. While the 
absolute number of errors was quite small for all age groups, the 
oldest group made almost twice as many semantic errors than the 
youngest group. Because hit scores and false alarms are influenced by 
decision processes as well as memory processes, difference scores 
(hits minus false alarms) and d' scores (derived from signal-detection 
theory) also were computed and are presented in Table A-2. No signifi-
cant age differences were found in either the difference scores 
(E = .56) or the d' scores (2 = .48). The type of distractor, how-
ever, did prove significant, F(2, 218) = 18.94, 2d(.01. This effect 
was due to the greater difference scores obtained with the unrelated 
distractor items. 
Table A-2 
Recognition Memory Performance in the Three Age Groups 
Age 	Mean Struc. Sem. 	Unr. 	  Difference scores (d' scores) 
Gp. Hits 	FA's 	FA's FA's Struc. 	Sem. 	Unr. 
1 13.7 1.0 .92 .49 12.7(2.9) 12.7(2.9) 13.2(3.2) 
2 13.2 1.3 1.30 .50 11.9(2.6) 11.9(2.6) 12.7(3.1) 
3 13.4 1.3 1.70 .50 12.1(2.7) 11.7(2.5) 12.9(3.1) 
The recognition-memory paradigm was chosen because it allowed 
differential predictions based on the assumptions of the two hypo-
theses. Yet, both hypotheses gained some support. The retrieval 
hypothesis predicted the outcome found with the difference and d' 
scores. The partial-learning hypothesis received some support by the 
fact that older persons made a greater number of semantic errors in 
the test. The present task, like most laboratory tasks in memory 
research, dealt primarily with episodic memory. The subjects were 
asked to identify words they had recently seen in the presentation 
list. Recognition performance, as a measure of episodic memory, 
suggests that older persons have a greater difficulty in searching 
their memories in order to retrieve information recently stored. 
When the search requirements of the recall task are minimized with 
the recognition procedure, memory differences between the age groups 
were eliminated. The difference in semantic errors suggests an 
additional problem that might be present in the older person's 
storage into semantic memory. It is difficult to interpret this 
difference as criterion or decision differences because (a) no 
differences were found with the other two false alarm types, and (b) 
older persons have been found to be more cautious, rather than less 
cautious, in making decisions (e.g., Slater & Scarr, 1964). Experi-
ments are proposed later which will examine possible semantic memory 
differences between adult age groups. 
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The recognition procedure as a test for retrieval has generated 
some recent controversy (e.g., Watkins & Tulving, 1975) and so other 
procedures were used to support these findings. One experiment'utili-
zed the comparison of cued recall with non-cued recall. If the aged 
have greater retrieval difficulty, then providing cues at the time of 
recall should help reduce this difficulty and thus reduce the differ-
ence between the age groups. Some experiments have found a facilita-
tive effect of cued recall in the older groups (Hultsch, 1975; 
Laurence, 1967), but one experiment failed to find an interaction with 
age (Drachman & Leavitt, 1972). The reason for the conflicting results 
could be the nature of the cues provided at the time of recall. 
Drachman and Leavitt(1972) used structural cues (the initial letter in 
the item) while the other experimenters used conceptual or semantic 
features as the cue (category names). The present experiment used 
both kinds of cues. 
Twenty words were selected which were middle-frequency (100-150) 
responses from the Battig and Montague (1969) category norms. The 
words all had different initial letters and represented different 
conceptual categories (e.g., fruits, vehicles, etc.). Half of the 
subjects received the cues at input and half did not. In addition, 
half of the subjects got semantic cues (category names) while the other 
half got the initial letter cues. After the presentation of the list 
at a 2-second rate, all the subjects received three minutes of free 
recall (non-cued) folloed by three minutes of recall with the cues 
present. The results of the experiment are presented in Table A-3. 
Age, F(2,60) = 9.19, 2<.01, and cue type, F(1,60) = 21.14, 2.<.01, 
were significant, i.e., performance was poorer with the structural 
cues and poorer in the older age groups. In cued recall, the semantic 
cues improved recall while the structural cues did not (Cue type x 
Cue presence at output, F(1,60) = 37.39, p‹.01. 
Table A-3 
Mean Free and Cued Recall 










Non-cued recall 11.7 9.5 10.3 9.0 
Cued recall 12.7 12.2 9.3 8.2 
Group 2 
Non-cued recall 8.0 9.3 8.2 7.7 
Cued recall 9.7 12.3 7.5 7.0 
Group 3 
Non-cued recall 6.0 9.8 6.5 5.8 
Cued recall 8.7 11.7 5.2 3.5 
Note. Underlines indicate data in second analysis. 
Although no interactions were found with the age variable, a 
separate analysis was done comparing the two conditions where the 
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cues were either present at both or absent from both - input and output. 
These conditions are underlined in the table and are seen in Figure 
A-2. Providing semantic cues essentially removed the age effect in 
the recall data. The structural cues, however, were ineffective in 
changing recall. The experiment supports the retrieval hypothesis, 
in that providing effective 
(semantic) retrieval cues at 
the time of recall brings 
the performance of the older 12 
group up to that of the 
11 	- 
CUED 
9 	.. 	 varied the relative import- ...  
c. 	 ance of storage and retrieval 
w 7 '.k\ 	 the study/recall method 
\ 	sessions was varied between .--e 
4 -  	 \ conditions in order to examine 
	
--r- 1 	 t 	 1 	 , 	learning in different age 
1 2 	3 1 	2 3 groups with tasks differing 
AGE GROUP in the importance given to 
storage and retrieval proc- 
Figure A-2. The mean recall of the 	esses. A list of 20 
different age groups for conditions unrelated words, equated in 
of cued and non-cued recall. 	 meaningfulness and frequency, 
were presented at a 3-second 
rate during the study sessions 
making the total presentation time for the list 60 seconds. Retention 
tests also lasted 60 seconds, thereby equating the time interval 
required for both study and test sessions. An experimental cycle 
consisted of four sessions, with the number of study and test com-
ponents varied between groups. One group of subjects received one 
presentation of the list (study) followed by three successive test 
periods (STTT). A second group received three study sessions followed 
by a single test period (SSST). After four four-session cycles (16 	. 
sessions), all subjects were given one additional presentation followed 
by a final critical fifth-cycle test. Half of the subjects were 
tested by free recall and the other half were tested by recognition. 
Two age groups were used with 40 subjects in each group. The experi- 
mental sequences were: 







The acquisition data (first 16 sessions) are presented in 
Figure A-3. Comparisons between age groups are made with the division 
at age 50. It is interesting to observe the difference between the 
SSST and the STTT conditions when recall was the method of test. 
Little difference between the age groups is seen with the SSST 
condition, while the older group shows a deficit in the STTT condi-
tion. While this difference is significant when the recall data 
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alone are examined, 	the significance 
of the interaction between age and 
method of presentation (SSST vs. STTT) 
was not found in the overall analysis. 
Analysis of covariance, with 
vocabulary as the covariate, was per- 
formed on both mean acquisition per- 
formance and the critical last test in 
the fifth cycle. 	Both analyses showed 
equivalent results. 	Age and method of 
test 	(recall vs. 	recognition) 	were 
significant main effects 	(2<.01). 
Method of study, 	however, failed to 
reach significance. 	This result repli- 
cates Tulving's 	(1967) 	finding. 	The 
Age x Method of test interaction was 
singificant (F=4.03, 2‹.05) 	showing 
that the difference between the age 
groups was greater in the recall condi- 
tions than in the recognition condi-
tions. 	Except for the first test trial 
in the SSST condition, 	no differences 
were found between the age groups on 
the recognition task. 	This replicates 












a 	6 	9 	12 	3 	6 	9 
TEST 	TRIALS 
A-3. 	Mean performance 
the two age groups. 
section. 
The Age x Method of presentation interaction discussed earlier 
approached significance (F=3.38, Q=.0554). As stated earlier, the 
interaction is significant when the recall data alone are examined. 
While the results suggest that the age problem is primarily one of 
retrieval, the lack of an acceptable level of significance clouds the 
conclusion. In the recall data, however, the results are clear. The 
STTT task requires a greater amount of retrieval on the part of the 
subject, and the older subjects with inadequate retrieval processes do 
not do well on this task. The SSST condition shows no such age effect. 
Again, the results indicate retrieval problems on the part of the 
elderly. 
A fourth experiment looked at retrieval in the different age 
groups by manipulating two task variables, presentation time and list 
length, which are assumed to affect retrieval differently. These 
variables combine to form the total-presentation-time parameter. 
Evidence from several studies discussed earlier have shown that the 
older person is both less efficient at using the time available to 
perform cognitive tasks, and at the same time, less effective at 
retrieving information recently presented into memory. A split-plot 
design was used combining presentation rate (1.5 vs. 3.0 seconds), 
list length (15 vs. 30 items), and subject age. All 36 subjects 
served in all conditions. The order of the lists was counterbalanced 
across subjects. The list items were randomly selected, high-freq-
uency (AA) words. Three minutes were allowed for the recall of each 
list. 
The results of the experiment can be seen in Figure A-4. All 
three main effects were significant: age, F(2,33) = 30.1, 	.01; 
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8 	 list length, F(1,33) = 35.8, E 
	
Presentation Time 	4..01; and presentation time, 
7 	 . 	
F(1,33) = 29.4, 2‹.01. No 
interactions with age, however, N. 
= were significant. The relation- 
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functions. With the two 45- 
second conditions averaged, 
:1)  
analysis of variance revealed 
significant effects of age and 
total time (2.(.01). The anti-
m 	1 	II 	ZQ 	cipated interaction between 
total time and age was not found. 
To test the linearity component 
Figure A-4. The effects of presen- 	of the total-time hypothesis, a 
tation time, list length and age on trend analysis was performed on 
recall. 	 the data. The linear trend was 
significant (2.(.01) and 
accounted for a striking 99.7% of the variance. 
Within the constraints of the present design and within the res-
tricted range of the manipulated variables, the total-presentation-
time hypothesis equally predicted recall in both the young and old. 
In fact,a comparison of the current data with Murdock's (1960) origi-
nal experiments reveals consistent total-time equations: 
Murdock's equation with college-aged Ss) 
Group 1 - aged 20-40 years) 
Group 3 - aged 61-80 years) 
The slopes for these two age groups are identical. In fact, it was 
the overall level of recall that differentiated the groups as 
evidenced by the different intercept 
points. In addition to the linearity 
component, the results also tend to 
support the invariance component of 
the total-time hypothesis. As can be 
seen in Figure A-5, little difference 
is seen in the recall of the two 45- 
predicted outcome with the older 
groups. It was hypothesized that in- c 6 1 
creasing list length or decreasing g 5- 
presentation time would have a more 	4 
detrimental effect in the older sub- 3 
jects. This result was not found. 
The findings with presentation 
time were not too surprising in 
light of the fact that most 
List Length 
Age Group 
R = .06t - 	6.1 
R = .06t + 6.1 
R = .06t + 2.7 
Figure A-5. Mean free recall 
as a function of total time 
for the three age groups. 
12 
second lists. A comparison of Groups 
1 and 3 shows parallel horizontal 	11  
functions. A slight decline is seen 	Li; 10 
in Group 2, but this difference is tI si _ o 
non-significant (t dep = 1.14, p>.01), ''' B - 
and in the opposite direction of the 	0 E.' 
U. 
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experiments showing temporal interactions with age have found a deficit 
with response time and retrieval time. Many experiments have shown 
that study time or presentation time is not as effective in manipu-
lating the recall differentially in different age groups. 
The findings with list length are more surprising. Craik (1968a), 
for example, had previously reported a differential effect of list 
length on the recall of young and old subjects. One possible differ-
ence between Craik's experiment and the present one, is that Craik's 
short list contained fewer items (10 instead of 15) and this means 
that the result could reflect different influences of primary memory 
in the two experiments. Much research has shown that the age deficit 
' 11 
in recall is found only when secondary memory is tested, primary 
memory being unaffected by increasing age. Within the range of list 
lengths used for the short lists in the two experiments, there is a 
possibile differential influence of primary memory in recall. The 
list length effect in Craik's experiment might be due to the fact that 
a large proportion of the short list was recalled from primary memory 
 
where no age deficit would be expected, and the long list was recalled 
primarily from secondary memory where the age deficit is found. 
An experiment is proposed which includes list lengths from both 
the Craik (1968a) experiment and intermediate lengths like the present 
experiment. More than two list lengths will be used to determine 
possible confounding with primary memory. In addition, the experi-
mental procedure is designed to look at list length effects due to 
retrieval and those effects due to storage (Shiffrin, 1970). 
In summary, four experiments have been discussed, and with the 
exception of the list length effect which deserves further research, 
the results support the hypothesis that the episodic memory problem 
seen in old age is due to faulty retrieval at the time of test. An 
additional experiment was conducted which tested the effectiveness 
of a mnemonic device to overcome the retrieval handicap in the older 
group. An imagery-based mnemonic system, called the rhyme peg-word 
system, was taught to three age groups (one is a bun, two is a shoe, 
three is a tree, etc.). Apaired-associate probe technique, which was 
developed by Arbuckle (1967) and recently used in different age groups 
without mnemonic instructions (Smith, 1975), was used in the experi-
ment. The subjects were first taught the mnemonic device and given 
practice in the use of the device until they easily could recite it. 
The subjects were then administered eight single-trial paired-associ-
ate lists using the study-recall method. First the eight pairs were 
presented at a 5-second rate. The stimuli for all lists were the 
digits 1-8, and the responses were common words, each list using 
responses from a different conceptual category. After presentation, 
the eight lists were presented one at a time and the subject was 
given five seconds to produce the responses which were paired with 
the digits. The input position of the pairs always corresponded to 
the numerical order of the digits. The output position was counter-
balanced such that across all eight lists, each input pair was repre-
sented at all output positions, The experimental conditions and 
word lists were exactly the same as used in a previous experiment in 
this project (Smith, 1975). The results, therefore, could be com-
pared with the previous results to determine the effectiveness of the 
mnemonic instructions in the present experiment. The only difference 
between the two experiments was that the subjects were taught to use 
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the pegword mnemonic device in the present experiment. 
The input positions were blocked into pairs. and serial position 
curves for the data are presented in Figure A-6. It should be 
remembered that any input position was tested at all eight output 
positions. This reduces the recency portion of the curve. The figure 
clearly demonstrates that the mnemonic effect was found only with the 
younger group. The older 
w. 	 groups showed no beneficial 
Young 	 Middle 	 Old 
• 70 	 tion. In fact, there was a tf) 	.  detrimental effect of the 
mnemonic for the primacy 
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alone. The probability of 
recall of items from these 
Figure A-6. Input serial position curves positions is plotted in  
for the three age groups under conditions Figure A-7 against the out- 
of mnemonic and non-mnemonic instruction. put positions of the pairs. 	  Because recency is the last 
information seen in the list 
and therefore represents the content of primary memory, the functions 
plotted in Figure A-7 can be considered primary memory functions. 
Again, no differences between the mnemonic and non-mnemonic conditions 
are seen in the two older age groups. In the young group the differ-
ence is seen only at the later output positions. Recency recall at 
early output positions is from primary memory. With interpolated 
outputs, however, the ability to use primary memory decreases. At 
the later output positions, 
therefore, recall is based 
on secondary memory where 
mnemonic effects would be 
expected and in fact are 
1.0 	 found in these data. 
▪ YOUNG 	 MIDDLE 	 OLD 	 It was expected that 0 
w 	 mnemonic instruction would 
benefit the older groups 
more than the younger 
groups. The results, how-
ever, indicate the opposite. 
Mnemonic effects were found 
only for the young group. 
One reason for the results 
might be the fact that 
imagery instructions were 
used extensively in the 
present experiment. Previous 
research has indicated that 
Z .80 	(2o-39) effect of mnemonic instruc- (40-59) (60-60) 
O 
INPUT POSITION IN BLOCKS OF TWO 
Figure A-7. Recency recall across the 
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older persons might be less able to effectively use visual imagery 
in learning tasks (e.g., Hulicka & Grossman, 1967). One experiment 
is currently being conducted (discussed in next section) which is 
manipulating instructions to image as a variable in three age groups. 
This experiment should show that imagery instructions are beneficial 
only in the young group if ability to image is the reason for the 
mnemonic failure. Another experiment is proposed which will vary 
conditions assumed to be important in determining the effectiveness of 
mnemonic devices. One such variable will be the type of instruction. 
Some subjects will be told to use visual imagery while another group 
will be told to use verbal association, i.e., to form a sentence using 
the pegword and the to-be-remembered word. It is expected, based on 
the results of mnemonic results discussed earlier, that the verbally 
based mnemonic will produce best performance in the old subjects, 
while the imagery based mnemonic will produce best performance in the 
younger subjects. 
Research in progress. Two experiments are currently being 
conducted but are yet incomplete. One experiment, as mentioned 
earlier, is examining the effectiveness of imagery instructions in 
different age groups. A list of words containing both abstract and 
concrete items is being presented to groups differing in age under 
tNotypes of instruction. One group is being instructed to use visual 
imagery, to picture the words as they are presented. The other group 
is being told to remember the words as best as they can (standard free 
recall instructions). The results of this experiment should clarify 
the reasons for not obtaining a mnemonic effect in the previous 
experiment. If the failure of imagery-based mnemonics is due to the 
fact that older subjects can not use imagery as effectively as younger 
subjects, then imagery instructions should produce less facilitation 
in the older group. 
A second experiment is examining the nature of the organizational 
structures used by different aged subjects. While earlier experiments 
have indicated no differences between age groups in the amount of org-
inization found in recall protocols, this experiment is also exam- 
ining the possibility that differences might exist in the type of 
organization. A list of words which contains different types of 
association between the items is being presented for multi-trial 
free recall. Some of the words are conceptually related (Battig & 
Montague, 1969); some of the words are associatively related 
(Deese, 1969); and some of the words are structurally related 
(acoustic, graphemic, and alphabetic s±milarity among the itesm). 
Example groupings are: 
Conceptual - Dog, horse, cow, lion, pig, bear; Red, green, orange 
yellow, purple, pink. (Response values >100) 
Associative - Music, song, note, horn, instrument, piano; Slow, fast, 
run, walk, quick, speed. (Associative overlap > .30) 
Structural - Fight, night, right, light, sight, bite; Storm, star, 
store, strong, stick, state. 
In addition to clustering along these three dimensions, subject-
ive organizational measures will be computed across five acquisition 
trials (Gorfein, Blair, & O'Neill, 1969). Because young subjects 
will probably recall more words than old subjects, the measure 
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employed by Cole, Frankel, and Sharp (1971) is being.used which 
normalizes the clustering scores for differences in the total number 
of words recalled. 
d. Publications. (Published or accepted for publication in 
period of current progress report.) 
Smith, A. D. Response interference with organized recall in the 
aged. Developmental Psychology, 1974, 10, 867-870. 
Smith, A. D. Aging and interference with memory. Journal of 
Gerontology, 1975, 30, 319-325. 
Smith, A. D. Partial learning and recognition memory in the aged. 
International Journal of Aging and Human Development, 1975, 
in press. 
Smith, A. D. Aging and the total-presentation-time hypothesis. 
Developmental Psychology, 1975, in press. (Paper presented to 
the meeting of the American Psychological Association, Chicago, 
September, 1975. 
e. Staffing. The principal investigator on this its beginning 
has been Anderson D. Smith, Associate Professor of Psychology. 
Graduate student assistants for the current period have been Susan E. 
Mason, James C. Domancue, Jr., Flora F. Crew, and Kenneth E. Jackson. 
Experiment 3 in the progress report (Study/test components) was 
conducted as a Masters thesis by Flora F. Crew. Ms. Crew was respon-
sible for the running of the subjects and the analysis of the data. 
B. SPECIFIC AIMS 
Two experiments involve investigations of the retrieval process 
in episodic memory and possible changes in the process due to age. 
1. In one experiment, list length will be manipulated such that the 
interaction between age and list length can be assessed, and the 
extent to which the effects are due to differential storage and 
retrieval can be evaluated. 
2. A second experiment will examine the conditions that produce 
faciliative recall in older persons when using mnemonic devices 
as retrieval aids. Variables which are assumed to be important 
in the effectiveness of mnemonic devices will be manipulated. 
List concreteness, device concreteness, study time, and instruc-
tions will be systematically examined in different age groups. 
Experiments are also proposed which will examine storage and 
retrieval processes of semantic memory in different age groups. 
The possibility of differences in both the nature of the semantic 
lexicon (storage) and in the retrieval and utilization of informa-
tion from semantic memory will be studied. 
3. One experiment will attempt to determine differences in the 
structure of semantic memory in older persons by providing 
category names to subjects of different ages and measuring 
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responses given to the category name. The format and varia- 
bility of the resultant normative data will be analyzed as 
function of age. 
4. Three hypotheses which account for the greater amount of time 
taken by older persons to make a semantic response (i.e., 
category-size, decision, and retrieval hypotheses) will be 
tested by varying normative category size and measuring the 
amount of time it takes subjects from different age groups 
to respond (reaction time) in a semantic memroy probe task. 
5. The storage and retrieval of information received in the form 
of sentences will be examined in three different age groups. 
The hypothesis that older persons have greater problems in 
abstracting semantic ideas from text material will be tested. 
C. METHODS OF PROCEDURE 
Experimental procedures: Each proposed experiment will be 
described in the approximate order in which the experiments will be 
conducted. 
Experiment 1 - Aging and list length. 
The first experiment will clarify the effect of list length on 
the storage and retrieval processes of different aged subjects. Three 
groups of 24 subjects will be presented with a series of ten free 
recall lists. The three groups will differ in adult age. The words 
selected for the lists will be unrelated, high-frequency words from 
the Thorndike and Lorge (1944) frequency norms (A and AA). Each list 
will be either 10, 20, or 40 items in length. The design of the experi- 
ment is presented in Table C-1. 
Table C-1 
Design Matrix for Experiment 1 
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The number of list lengths is limited to three because of the nec-
essity of keeping the experimental session sufficiently short to 
prevent fatigue. The 10-item list was the short list in the Craik 
(1968a) experiment. The 20-item list is well beyond the immediate 
memory span. This comparison, therefore, will allow an examination 
of possible primary memory effects between these two lists. If 
differential list length effects due to age are found between the 
10 and 20 item lists but not between the 20 and 40 item lists, 
the primary memory arguement will be supported. 
Each subject will be represented at all nine list-length 
conditions. The two variables are the length of the list being 
recalled and the length of the list intervening between presentation 
and recall (Shiffrin, 1970). Subjects will be asked to recall, not 
the list just presented, but, instead, the list presented just 
before the last one seen. This allows a separation of effects due 
to storage decrements, i.e., list length as an interfering activity, 
and effects due to retrieval difficulty. 
Three orders of lists will be used in the experiment. Each list 
length is represented equally at all positions in the order sequence. 
A buffer first list will be included to reduce any "warm-up" or 
non-specific transfer effects. This list is not included in the 
analysis. 
Order 1 - (20) 	10 	20 	20 	40 	20 	10 	10 	40 	40 	10 
Order 2 - (20) 20 40 40 10 40 20 20 10 10 20 
Order 3 - (20) 	40 	10 	10 	20 	10 	40 	40 	20 	20 	40 
After each list is presented, subjects will be given three minutes to 
recall orally from the list preceding the one presented. The total 
experimental session should last only 45 minutes. 
If list length effects are primarily due to retrieval, then 
the length of the recalled list will be the important variable. If 
list length effects are due to interference with storage, then the 
length of the interpolated list (amount of interference) will prove 
important. 
Experiment 2 - Conditions determining the effectiveness of mnemonic 
devices in the aged. 
The variables of list concreteness, device concreteness, 
instructions, and presentation rate will be examined in this experi-
ment,as variables assumed to be important in determining the effect-
iveness of mnemonic devices. Age, device concreteness, and instruc-
tions will be manipulated between subject groups, and presentation 
rate and list concretness will be manipulated within subjects. The 
design of the experiment is presented in Table C-2. Eight subjects 
will be represented in each cell of the design. The four within-
subject conditions will be counterbalanced using a balanced Latin 
square. Within each cell two subjects will receive each of the four 
order sequences. List concreteness will be determined by consulting 
the Paivio, Yuille, and Madigan (1969) concreteness norms. The words 
will be equated on frequency. The abstract and concrete devices will 
be the standard ones used in previous research (Paivio, 1968; 1971). 
Presentation time for each word will either be five seconds or self- 
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paced (subject controlled). Either imagery instructions or verbal 
mediation instructions (form a sentence with the two words in it) will 
be given. Examples of the use of imagery or verbal association will 
be given in the instructions. All subjects will be given sufficient 
time to learn the mnemonic device (pre-training) and sufficient time 
to respond. 
Table C-2 
Design Matrix of Experiment 2 
The above two experiments deal primarily with episodic memory 
and the problems old persons have in retrieving information from 
episodic memory. Subjects are asked to retrieve information accord-
ing to a temporal tag, i.e., words recently seen in a list. The 
following experiments deal with semantic memory and the problems 
older persons have in storing, retrieving, and utilizing information 
from this memory system. 
Experiment 3 - The nature of the semantic lexicon in different age 
groups: A normative study 
This experiment proposes to gather category norms for subjects 
from different age groups and to use these norms to infer possible 
differences in the nature of semantic memory due to age. A list of 
category names will be given to the subjects, and they will be asked 
to give up to 10 responses (instances of the category) for each 
category name. The category list will include the categories from 
the Battig and Montague (1969) norms (56 categories) in addition to 
a list of categories not included in the list. The additional 
categories will be exhaustive categories used in Experiment 4. In 
addition to the collation of the norms, several additional measures 
will be examined. For example, the potency of the categories across 
age groups will be measured. Potency can be rated (how many 
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responses can you make for this category name?) or can be computed 
from norms which restrict the amount of time allowed for responding. 
The Battig and Montague (1969) norms were constructed in this fashion. 
Because older subjects have slower response times (Eysenck, 1975), 
time constraints will not be placed on the subjects in this experiment. 
Instead, ratings of each category will be collected prior to generating 
the instances. A seven point rating scale (with verbal anchors) will 
be used. Battig and Montague (1969) showed a correlation between 
scaled potency and computed potency to be .70. 
In addition to the value provided by these norms to further memory 
research using different age groups, the results should give some 
insight into possible differences in semantic memory for the different 
age groups. For example, if the subjective categories increase in 
size with age, a greater variability in the responses given to the 
category name would be expected in the older groups. 
Experiment 4 - Reaction time as an indication of semantic memory in 
different aged subjects. 
Questions of the form, "Is an apple a fruit?," will be asked of 
subjects from different age groups, and the time it takes the subjects 
to reach yes/no decisions will be measured. Such questions tap 
semantic memory, and the experiment is designed to differeniate between 
three hypotheses which account for the finding that older persons 
take more time to respond to semantic information than younger persons. 
The independent variable in the experiment will be the normative size 
of the category. In addition, categories which can be easily 
enumerated will be included in the design. The design of the experi- 
ment is presented in Table C-3. 
Table C-3 
Design of Experiment 4 
Age 
group 
Normative category size 
 
.1 .,,,IlA,1.1Vk_. .....,10,11 O'll.\-4.1-l2111 
,,,,_, j_ ,J ,, 
1 (20-39) 	. 
2 (40-59) 
3  (60-80) 
The categories to be used in the experiment were selected from 
the Battig and Montague (1969) category norms and normative category 
size was determined by the number of different responses given by 
four or more respondents. The categories are listed in Table C-4 
together with the computed potency values from the Battig and 
Montague norms. An attempt was made to select categories with 
similar potency values since this measure is the average number of 
items generated in 30 seconds by the subjects. This measure can 
serve, therefore, as an estimate of the strength between the category 
name and the instances. The mean potency values for the different 
sets of categories is also presented in Table C-4. 
Becasue subjects of different ages might read at different 
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rates, the questions will be asked in the following-manner. First, 
the category name will be presented for two seconds. Then, following 
a two-second interval between the slides, a target word will be 
presented. The presentation of the target word will initiate the 
reaction-time clock which will be terminated by the subject's response. 
The subject will press one key if the response is "yes" (the target 
word is an instance of the category) and another key if the response 
is "no" (the target word is not an instance of the category). The 
response made by the subject and the time to make the response will 
be recorded. Each of the categories will be tested four times, two 
times with "yes" targets, and two time with "no" targets. In addition 
to the categories listed in the table, some additional categories will 
be included in the testing sequence. These categories will be 
hierarchical like the ones used by Collins and Quillian (1969) and 
Smith, Shoben, and Rips (1974). For example: 
	
Categories: 	Dogs 	Animals 	Living things 
Target: Collie 
With these categories, category size is manipulated by the level of 
the hierarchy to be searched to find the target word. In other 
words, it should take longer to say that a collie is an animal than 
to say that a collie is a dog. 
Table C-4 
Categories to be Used in Experiment 4 
Exhaustive f<402 40 	f '770 f}70 
Seasons (4) 1 Vegetable Part of building Girl's first name 
Days of week (7) Alcoholic Beverage Part of human body College 
Parts of speech (10) Color Kitchen utensil Occupation 
Months of year (12) Metal Tree Weapon 
States 	(50) Fruit Bird Country 
1Numbers in parentheses refer to actual number of instances in exhaustive categories 
2f is computed as the number of items given four or more times in the Battig 8 Montague 
T1969) 	category norms. 	This serves as an approximation to normative category size. 
Potency values 	(R) 
of categoires: 
for the four types 
Exhaustive 7.94 
f < 40 7.57 
40 	f C. 70 7.96 
f )P70 7.63 
It should be re-emphasized that absolute differences in reaction 
time between age groups are not important in this experiment. The 
important predictions involve interactions between age and the cate-
gory size variable. The fact that older persons are slower in 
reaction time experiments, i.e., the main effect of age, does not 
interfere with the predictions of interaction between the two 
variables. 
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Experiment 5 - Sentence memory and the abstraction of semantic ideas 
in different age groups. 
The experimental session will consist of two parts. During the 
first part, sentences will be presented, one at a time, to the subject 
for later recognition. The second part involves a recognition test 
for sentences, some of which arpeared in the list and some of which 
are new. The subject will be instructed to choose only those sentences 
which are exactly as presented in the previous list. This method has 
been used by Bransford and Franks (1971) to investigate the abstract-
ion of semantic ideas. While the format of the experiment is designed 
like an episode memory experiment, the design allows inferences about 
how subjects encode semantic ideas into memory. The presentation list 
will include four sets of sentences, each set consisting of four 
simple ideas. The sentences are either statements of a single idea 
one) or corbinations of the ideas formed into complex statements 
twos or threes). The sentences used in the Bransford and Franks 
(1971) experiment are presented in Table C-5. The sentences marked 
t are only presented at the time of test and the sentences marked a 
are presented only during acquisition. 
Table C-5 
Sentences Comprising a Complex Idea ° ' b 
FOUR: 	 (t) 	The ants in the kitchen ate the sweet jelly which was on the table. 
THREE's: 	 a 	The ants ate the sweet jelly which was on the table. 
	
a The ants in the kitchen ate the jelly which was on the table. 
t 	The ants in the kitchen ate the sweet jelly. 
TWO's: 	 (a 	The ants in the kitchen ate the jelly. 
(a&t The ants ate the sweet jelly. 
(t 	The sweet jelly was on the table. 
(t The ants ate the Telly which was on the table. 
ONE's: 	 (a) 	The ants were in the kitchen. 
(a) The jelly was on the table. 
(t) 	The jelly was sweet. 
(t) The ants ate the jelly 
Other 	 (t) 	The warm breeze blowing from the sea stirred the heavy evening air. 
FOUR's: (t) The rock which rolled down the mountain crushed the tiny but at the 
edge of the woods. 
(t) 	The old man resting on the couch read the story in the newspaper. 
a From Bransfold and Franks (1971) 
b a, acquisition; t, test. 
The listeners from the three age groups will hear 24 sentences, six 
from each of the four unrelated sets. Sentences from the four sets 
will be interspersed so that the subject will have difficulty link-
ing the ideas together. The recognition test list will be 28 
sentences most of which will not have been presented during acqui-
sition. College-aged subjects recognize the complex ideas (fours) 
as presentation sentences even though they were not presented during 
acquisition (Bransford & Franks, 1971). 
If the older group is deficient at abstracting ideas from the 
sentences, then recognition memory could actually be better than the 
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young, since they would reject the complex-idea sentences more 
frequently than the young. In any case, the recognition performance 
of the older group would be less predictable on the basis of the 
idea structures than performance of the younger group. 
Human subjects. The procedures for obtaining experimental 
participants will be the same as used in the previous experiments 
reported earlier. Subjects will be either Georgia Tech alumni who 
volunteer to participate in the experiment, or club members who 
participate as an activity of their club meeting. All subjects will 
be given the opportunity to refuse to participate at any time and 
are told about the experimental requirements before agreeing to 
participate. The requirements for the subject population used in 
these studies are that they be active, non-institutionalized, healthy 
members of their communities. All subjects are volunteers and are 
paid a small sum (usually $3.07T—if they attend the laboratory. 
There are no risks to the subjects other than the ordinary 
risks of daily life (e.g., transportation to and from the lab). To 
insure confidentiality, subject numbers are assigned to the data, 
and the subject names are never recorded with the subject numbers. 
As in the previously reported experiments, subjects in differ-
ent age groups will be matched as closely as possible for educational 
level, socio-economic background, and cognitive-test performance. 
Testing procedures described earlier will be continued. Names are 
never associated with test performance and the test data are only 
used in statistical analyses. 
D. SIGNIFICANCE 
The significance of the proposed research is that it suggests 
a possible mechanism for the memory problem seen in old age. 
Research is indicating that faulty retrieval from episodic memory 
could account for the recall decrement, and experiments are 
attempting to specify the nature of this retireval difficulty. 
Studies have demonstrated, for example, that recognition and 
semantic cued recall eliminate the difference typically found 
between age groups. These test conditions are assumed to minimize 
the retrieval requirement necessary to perform memory tasks. 
Research is also examining the utility of mnemonic devices as 
retrieval techniques to alleviate the memory problem in older 
persons. Mnemonic systems could be developed at the time of 
storage (learning) to be used at the time of recall (retrieval). 
Research is investigating the possibility that verbally--based 
mnemonic devices are better for older persons than imagery--based 
ones. 
Research is also proposed which examines semantic memory 
across age groups. Semantic memory is necessary for language use 
and comprehension, and yet little work has been done on possible 
interactions between age and the processes of semantic memory. 
Research does indicate, however, that older persons have greater 
problems in retaining text material. An investigation of the 
processes of semantic memory in different age groups could explain 
this finding. 
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E. FACILITIES AVAILABLE 
The School of Psychology of Georgia Institute of Technology 
has as much space as is needed for this project (e.g., a waiting 
room for subjects, a projection room, and an experimental room). 
Much of the equipment necessary to conduct the research is 
also available in the laboratory. Projectors, timers, and tape 
recorders are available at no cost to the sponsor. Relay programming 
equipment used to control the sequence of the experimental sessions 
is also provided, which greatly reduces the equipment costs in the 
proposed budget. 
Modern computing facilities are also available for the reduction 
and analysis of data, and photographic services for the construction 
of stimulus materials are available both on and off camput. 
F. COLLABORATIVE ARRANGEMENTS 
None required. 
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